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LUBRICANTSOFREDUCEDFLAMMABILITY

By ChsrlesE.Frank,DonaldE. Swsrts,
andKennethT. Mecklenborg

Previousworkonthecorrelationof structurewitheaseof spontane-
ousignitionfora varietyoforganiccompoundshasbeensummarizedin
earlierreports.Thesestudiesshowedthatthehydrogenatedpolyiso-
butylenespossessGutStandingresistanceto SpOnt=eOUSignition,pre-
sumablyastheresultofthelargepercentage(about80percent)of
primarybondsof carbonto hydrogen.Inthisrespecttheyaresuperior
to theglycolethers,dibasicacidesters,certainsilicatesandphos-
phonates,andothertypesof hydrocarbonlubricants.Theyareequivalent
tothemethylsiloxanesand,ofthesubstancestested,inferioronlyto
thehighlyhalogenatedhydrocarbonsandtricresylphosphate;theselatter
typesare,of course,highlycorrosiveat elevatedtemperat~es.

Determinationofthechangeinspontaneousignitiontemperaturewith
compositionforblendsofhydrogenatedpolyisobutylenewithtypicalester,
hydrocarbon,andpolyetherlubricantshasSbWII tht”~ p~cent b@wen-
atedpolyisobutyleneby volumeraisestheignitiontemperaturesofthese
lubricantsby 600 to 80°C. Preliminarystabilitytestsindicatedthat
thehydrogenatedpolyisobutylenespossessreasonablethermalstability,
sufferinga weightlossof about3 percentafter10hoursat 195° C
(383°F) inan inertatnmsphere.Introductionofoxygenaccelerates
thisdecompositionrate,butadditionof anantioxidant(phenyl-beta-
naphthylamine)reducesthelossto 1 or2 percent.

A practicalmethodforsynthesizingpolyisobutylenelargelyinthe
lubricantmolecularweightrangehasbeendeveloped.Thiscomprisesthe
polymerizationof isobutylenewithboron-trifluoridecatalystin isooctane
solutionat 10°to 15° C. Bothtemperaturecontrolandsolventareneces-
saryto regulatethedegreeofpolymerization.

INTRODUCTION

b initialwork,underthisprogram(ref.
temperaturesweredeterminedforsome50pure

1),spontaneousignition
orgsniccompounds,and
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earlierobservationsregardingtheeffectsof structureonttisproperty
wereextended.Theeffectsof a varietyofadditivesandof selected
metalsurfaceson spontaneous-ignitionphenomenaalsowereobserved.In
thesecondphaseoftheprogram(ref.2)majorattentionwasdirectedto
compoundsof interestinthelubricantfield.Theusefulnessofthe
crucibleapparatusfordeterminingspontaneousignitiontemperaturewas
extendedtotheselessvolatilematerialsby emplo@g sprayinjection
aswellasdropwiseadditiontotheignitionchamber.Examinationof a
varietyof lubricantsinthismannershowedthatthehydrogenatedpolyiso-
butylenespossessoutstandingresistanceto spontaneousignition,pre-
sumablyastheresultofthelargepercentage(about80percent)ofprimary
bondsof carbonto hydrogen.

SamplesofhydrogenatedpolyisobutylenehavebeensubmittedtoWright
Fieldandto theIewtsFlightPropulsionLaboratoryof theNational
AdvisoryCommitteeforAeronauticsfornmrecriticalstabilityandper-
formancetests.InitialresultsfromWrightAirDevelopmentCenteron
thecokingtendenciesofhydrogenatedpol@sobutylenehavebeenencourag-
ing. Uninhibitedandinhibitedsamples deposited2.3and28.7milligrams
of coke,respectively,inthePrattandWhitneycokingtest. ,

Thepresentinvestigationhasbeenconcenedwiththefurtherstudy
ofthespontaneousignitionof lubricantsandpotentiallubricants.Major
emphasishasbeenplacedonthehydrogenatedpolyisobutylenes- their .
preparation,properties,andthepropertiesoftheirblends.

ThisinvestigationwasconductedattheUniversityof Cinchnati
underthesponsorshipandwiththefinancialassistanceoftheNational
AdvisoryCommitteeforAeronautics.

APPARATUSAND TESTPFIXEDURE

Theapparatususedinthisinvestigationhasbeendescribedin
references1 and2. Itcompriseda heatedmetalblocktitowhichcruci-
blesofthevariousmetalsusedintestingthelubricantswereinserted.
Ignitiontemperatureswereobservedby addinga smallmeasuredamountof
thefueltothechambereitherasdropletsoras a spray.Aspointedout
inreference2, sprayinjectionisofmostvaluewithcompotidsinthe
lubricantrange,sinceitminimizesthevapor-pressurelimitationsof
theselessvolatilematerials.Accordingly,thespray-injectionprocedure
wasusedthroughoutmostofthiswork;however,dup~catedeterminations
frequentlywereconductedby dropwiseaddition,anda numberof interest-
ingcomparisonswereobtainedinthismanner.

——.— --————————
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PRECISION

,.

The
ignition
andupon

precisionofthecruciblemethodof detezmdningspontaneous
temperaturesdependsuponthetemperaturerangeoftheignition
theviscosityandvolatilityofthecompound.Theeffectsof

thesevariablesonthedeterminationhavebeennotedinreferences1
and2. Forvolatilecompounds,theprecisionofthedropwiseprocedure
isgenerallytowithin1°to 2°C forthoseignitingbelow300°C andto
within3°to 5°C forthoseigaitingabove300°C. Forthelessvolatile
materials,theprecisionofthespray-injectionprocedureisonlyslightly
lessup to a viscosityrangeof300to @O Saybolt
37.8° C. At higherviscosities(i.e.,lowervapor

Universalsecondsat
pressures) thepresent

sprayapparatusisnotsatisfactory.

RESUITSANDDISCUSSION

SpontaneousIgnitionTemperaturesof

EydraulicFluids

Lubricsntsand

TableI summsrizesthespontaneous-ignition-temperaturedataob-
tainedona numlerofdifferenttypesof syntheticlubricantsandhy-
draulicfluidstestedduringthisprogram.Thepolyfluorochlorohydro-
carbons,theArochlors,andthetricbesylphosphateallhavespontaneous
ignitiontemperaturesintherangeof600°C. Allthehalogenatedcom-
poundsattackedthestainless-steelsurfaceseverelyatthesetemperatures;
thetricresylphosphatewaslesscorrosivebutlefta hsrd,lacquerlike
residue.Littledifferencewasobservedbetweenvaluesobtainedbythe
sprayanddropwiseadditionswiththesecompounds.

The2-ethylhexylsilicatehada minimumignitiontemperatureof
246°C;thepresenceof 1 percentphenyl-beta-naphthylamine(antioxidant)
raisedthisvalueabout9°. A characteristicwhiteto brownsilica
residuewasdeposited.Theclosenessof thesevaluesto thatof di(2-
ethylhexyl)adipate(260°C)suggeststhatigaitioninthisrangeisto
be expectedof anycompoundcontaining2-ethylhexylgroupsasa majorpart
ofthemolecule.Spontaneousignitiontemperaturesby thedropwisepro-
cedureweresome30°to50°higher.Twoadditionaldiesterstestedduring
thisperiod,diisooctyladipateanddiethyleneglycolbenzoate2-ethylhexoate,
alsoignitedbelow300°C by sprayinjection.Thelowestvaluesobtained
by dropwiseadditionwere700to &l”higher.ThelacquerlJkedeposits
leftby theseesterswerelightestwiththeadipate.

.
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TwooftheDow-CorningSiloxanelubricants(10and50 centistokes
at25°C)gaveminim spontaneousignitiontemperaturesof374°and
430°C,respectively.Theseresultswereobtainedwiththecommercial
productsaareceivedandwereessentiallyunchangedby “topping”the
materialsat 100°C underabouta 10-millimeterpressure.It isof
interestthatthese“silicone”lubricants,whichcomprisea

()-+io-

chainwithmethylsubstituents,igniteina somewhatlowerrage than

thehydrogenatedpolyi.sobutylenes,whichcompfisea +2)n Ch:n
withmethylsubstituents.

TwodioctylphosphonatesfromtheVictorChemicalCo.ignitedsome-
whathigherthanwouldbe expectedofoctylestersoforganicacidsbut
stillina relativelylowrange(314°to 330°C);a heavyblackcrustlike
residueremained,Itisprobablethatinsucha compoundthephosphonic-
acidcontenttendstopreventignitionbutthatitspresencecannothave
anymajoreffectongroupsliketheoctylwhichnormallyigniteinthe
loW-temperaturerange.A similsrsituationexistswiththephosphates;
thus,tricresylphosphateignitesat about600°C,whilethetrihexyl
phosphateigitesat about2850C.

spontaneous-ignition-temperaturedatahavebeenreportedpreviously
on anotherseriesof lubricantsincludinga numberof diesters,glycol
polyethers,andhydrocarbons(ref.2). Thehydrogenatedpolyisobutylenes
aretheonlymaterialsthusfsrtestedwhichhavespontaneousignition
temperaturesinthe@o C range,whicharenotcorrosiveathightemper-
atures,andwhichleavelittleappreciableresidue.

P

.

SpontaneousIgnition

ofHydrogenated

WithOther

TemperaturesofBlends

Polyisobutylene

Lubricants

SAE10motor-oilmixtures(spray-injection).-curvesshoti~the
changeinspontaneousignitiontemperaturewithcompositionformixtures
ofhydrogenatedpolyisobutylene(36SayboltUniversalsecondsat37.80C)
andanSAE10motoroilattwoair-flowratesareshowninfigure1. The
curvesshowa morenearlylinearrelationshipthanthoseobtainedfor
simplehydrocarbonmixturesby dropwiseaddition(ref.1). A similsr
levelingoutoftheS-shapeobservedby dropwiseadditionwasobtained
withheptane-isooctsnemixtures;somepossiblereasonsforthesediffer-
encesarediscussedinthesectionentitled“ComparisonofDropwise-and
Spray-AdditionProcedures:SomeObservationsRegaidingtheNonignition
Zone.”

—.— _ ——— ——-—-——-
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Thepointsplottedrepresenttrue-flsmeignitions.Some“smoke-
pulse”ignitionswereobservedattemperaturesslightlylowerthanthe
curvesshown.However,suchdeterminationswerenotsufficientlyrepro-
ducibleto permita satisfactorydelineationofthesmoke~pulseareas.

Di(2-ethylhexyl)adipatemixtures(sprayinjection).-Curvesshow-
ingthechangeinspontaneousignitiontemperaturewithcompositionfor
mixturesofhydrogenatedpolyisobutylene(36SayboltUniversalseconds
at37.8°C)anddi(2-ethyIhexyl)adipateattwoair-flowratesareshown
infigure2. As infigure1,thegeneraloutlineofthesecurvesis
moreregularthanthosepreviouslyobtainedwithothermixturesby drop-
wiseaddition.Moredetailedanalysisofthecurvesshowsan interesting
pointof inflectionnearthecompositioncomprising50percentester.In
general,thezeroairflow(higherfuel-airratio)resultsina lower
spontaneous-ignitiontemperatureas in figure1 andaswithcompositions
containingnmrethann percenthydrogenatedpolyisobutyleneshownin
figure2. However,thisrelationshipisreversedat thehigherester
contents.

Thereasonforthispeculiarreversalisnotclearbutprobably
liesinthecriticaldependenceoftheignitiontemperatureonthecom-
positionofthevaporphase;thisinturnisdependentontherelative
amountsofthetwocomponentsintheliquidandupontheirvaporpres-
sures.A furtherillustrationofthisisfound’infigure3,wherethe
sametypeof curveshavebeenplottedformixturesof a slightlylower
viscosityhydroenatedpolyisobutylene(32Sayboltmiversalsecondsat

?37.8°C) anddi2-ethylhexyl)adipateby thedropwiseprocedure.The
firstandlastportionsofthesecurvesarealmostsuperimposableon
thoseof figure2;thatis,inbothcasesa highportionof estermakes
foreasierignitionwiththeleanerfuel-airratio(air-flowrateof
125cubiccentimetersperminute),whilea highproportionofhydrogenated
polyisobutylenemakesforeasierignit”ionwiththericherfuel-airratio
(air-flowrateofO cubiccentimeterperminute).Thepointwherethese
curvescrossapparentlyisextremelysensitiveto conditionsandtothe
natureofthehydrogenatedpolyisobutyleneemployed.Infigure2 the
curvescrossatk8percenthydrogenatedpolyisobutylene;infigure3 this
pointliesata liquidcompositionof 78percenthydrogenatedpolyiso-
butylene.

Diisooctyl-adipatemixt~es(sprayinjection).-Thecurvesforthe
s~ntaneousignitiontemperatureversuscompositionformixturesof
hydrogenatedpolyisobutylene(32SayboltUniversalsecondsat37.8°C)
anddiisooctyladipate(fig.4)areverysimilartothoseobtainedfor
thedi(2-ethylhexyl)-adipateblends.Hereagaina highproportionof
esterfavorsignitionoftheleanerfuel-airmixtures,whilea highpro-
portionofhydrogenatedpolyisobutylenefavorsignitionoftherichmix-
tures.Thedifferencebetweentheignitiontemperaturesatthetwofuel-
airratiosismorepronounced,however,anmuntingto about45°C atan
80-percent-hydrogenated-polyisobutylenecomposition.

—— ... .—..— . .—.. . ..—— .
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Polyethyleneglycol(Ucon50-HB-55) mixtures(sprayinjection).-
Thechangein spontaneousignitiontemperaturewithcompositionfor
mixturesofhydrogenatedpolyisobutylene(36SayboltUn~versalseconds
at37.8°C)anda polyglycollubricant(Ucon50-HB-55) isshownin
figure5. Thegeneraloutlineofthesecurvesis similarto thatof
thecurvesfortheblendsofhydrogenatedpolyisobutyleneandmotoroil
(fig.1). Whilethecurvescrossattwopoints,thepreviouslyobserved
tendencyofhydrogenatedpolyisobutyleneto ignitemorereadilyatthe
higherfuel-airratio(seefig.1).issubstantiatedin figure5.

Tetra(2-ethylhexyl)-silicatemixtures(sprayinjection).- Thechange
inspontaneousignitiontemperaturewithcompositionfortimes Qf
hydrogenatedpolfisobutylene(32SayboltUniversalsecondsat37.8”C)
withtetra(2-ethy~exyl)silicateis showninfigure6. Herea~o the
generaloutlineis simihrtothatoftheblendsofhydrogenatedpolyiso-
butylenesndmotoroil(fig.1].

ThermalStabilityof HydrogenatedPolyisobutylenes

As a preliminaryindicationofthethermalstabilityof thehydro-
genatedpolyisobutylenes~theweightlossesofhydrogenated-polyisobutylene
ssmples(viscositiesof55and@O SayboltUniversalsecondsat37.8oC)
at 195°C (383°l?)weredeterminedunderseveralconditions.Theweight
lossofthessmplewitha viscosity.of@O Sayb’oltUniversalsecondswas
determinedfirstundera nitrogenandthenunderanoxygenatmosphere
(fig.7). Undernitrogen,theproductlostapproximately3 percentin
weightafter10hours.Thesamesamplethenheated9 hourslongerunder
anoxygenatmospheresuffer+a 6-Percentadditionallossinweight.This
greaterloss~resumablyresultsfroma nmrerapidchaindepolymerization
initiatedby oxygenattack[ref.3),.

A similarweightloss(6percentin 12hours)wasobservedwitha
samplewithviscosityof 55SayboltUniversalsecondsat 1950C underan
oxygenatmosphere(fig.8). Theadditionof 1 percentphenyl-beta-
naphthylaminereducedthis10GSto lessthan2 percentin 12hours.A
hydrogenated-polyiso%utylenemixlmrecontaining60percentby volumepoly-
ethyleneglycoland1 percentphenyl-beta-naphthylan@eshoweda wei@t
lossof4.5percentafter1.2hoursat 195°C; a similsxhydrogenated-
polyisobutylene-diisooctyl-adipatemixturelostlessthan2 percentunder
similsrconditions(fig.9). Thepointsobtainedinthisworkwiththe
hydrogenatedpolyisobutylenewitha viscosityof 55SayboltUniversal
secondsweresomewhaterraticcomparedwiththoseforthehOO-Saybolt-
Universal-secondsample.Thismayhaveresultedfromthepresenceof
morevolatilecomponentsinthelowerviscositymaterial.

.— ..——— ..—
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Comparison.ofDroptise-andSpray-AdditionProcedures;

SomeObservationsRegardingNonignitionZone

CharacteristicS-shapedcurveshavebeenobtainedh plottingthe
spontaneousignitiontemperature(dropwiseaddition)againstcomposition
fora numberofhydrocarbonmixtures(ref.1). On theotherhand,curves
of spontaneousignitiontemperatureversuscomposition(sprayinjection)
forvsrioushydrogenated-po~obutyleneblends(figs.1 to 6) havebeen
moreregular,withoutthelargenonignitionareaspreviouslyobserved.
Accordingly,itwasof interesttopreparethecorrespond~gcurveby
thespray-injectionprocedureforthetworepresentativehydrocarbons,
isooctaneandn-heptane;thecurvesby thetwoproceduresareshownin
figure10. –

As inpreviouswork,itwasobservedthattheminimumspontaneous
i~itiontemperatureofpurevolatilecompoundsis essentiallythesame
by bothsprayanddropwiseprocedures.Withmixtures,however,and
pai%icularlythosehavinga largenonignitionzone,difference~between.
theresultsby thetwoproceduresarequitestriking.Inviewofthe
extremesensitivityof spontaneousignitiontemperaturesto fuel-air
ratiointhenoni~itionrange,it isnotsurprisingthatthesediffer-
encesshouldexist,Forexsmple,ithasbeenobservedfrequentlythat
thenonignitionzonefora purecompoundmaybe completelyob~terated
byan increaseinfuel-sirratio(refs.1 and4). Sprayinjection,being
a mosteffectivewayofincreastigfuel-airratio,alsoismosteffective
in suppressingthenonignitionzoneas evidencedbyfigure10.

Thisobserveddifferencebetweenthenonignlticmzonesobtainedby
thesetwoproceduresperhapscanbe explainedas follows:Therearetwo
timefactorsinvolvedinachievinga fuel-airmixturecapableofunder-
goingspontaneousignition.Oneisthetimerequiredto obtainthecor-
rectmixturebyphysicalmesns;theotheristheactualchemicalinduction
periodnecessarytodevelopa concentrationof activecenterssufficient
topropagatea chain-branchingreaction.ThefirstOf theseisnoten-
counteredinexperimentswhichinjectthepremixedgasesintotheignition
chamber.In a spontaneous-ignitiondeterminationsuchasthatemployed
here,however,thetimeofmixingisa veryconsiderablefactor,particu-
larlywithdropwiseaddition.Ifthechemicaltiductionperiodis shorter
thanthetimerequiredto achievean optinammixture,thentheactive
centerswilltendto exhaustthemselveswithouteverarrivingathigh-
enoughconcentrationsto.resultina chain-branchingreaction.Thecom-
plexinterplaybetweenthesetwotimeswithchangeinvaporpressureand
changeinstructurealsoappearsa logicalexplanationoftheobservation
thattheminimumspontaneousignitiontemperaturemaysometimesbe more
readilyachievedby dropwisethanby sprayaddition.Insuchinstances,
theoptimumconditionsforspontaneousignitionapparentlylieonthe
sideoftheleanfuel-airratio,anditiseasierto achievethosecon-
ditionsby dropwisethanby sprayaddition.

. . ._..——--——.—. -—-—
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Whiletheabovediscussionappearsto be In linewithobserved
changesinthenonignitionzone,itisof interestto considerfurther
themorefundamentalreasonfortheexistenceof sucha zone.‘l!hiscan
bevisualizedbestby firstnottigtherest.probableoxidationmechanisms
involved:

;C~ + 02~>CH0 + .00H

>cHo+ 02+ >CHOO. (1)

>CHOO-+>C=O+ .OH (2a)

>CHOOH+>CED. + .OH (2b)

Reactions(1)and(2)arethebasiclow-temperaturereactionchain.Re-
actions(2a)and(2b)aresubse~entreactionsoftheperoxyradicaland
oftheperoxide,leadinginonecaseto a simplechain-sustainingreaction
andintheotherto chainbranching.It appesrsthatthenonignition
zonerepresentsthattemperaturerangewheretheperoxyradicalbecomes
sounstablethatthechain-sustainingreaction(2a)takesprecedenceover
thechain-branchingreaction(2b).As thetemperatureincreasesfurther
therangewherereactionno longerisdependenton radicalssuchasR.
and●0Hto sustainitselfisreached.(Seeref.5.) Inthisrangethe
o~&n moleculeisbecomingsufficientlyreactiveto playa dominantrole;
thisoccurrenceis inaccordwitht& dependenceofthehigh-temperature
reactiononoxygenconcentrationandwiththeshortnessoftheinduction
periodleadingtoviolentreactionunderthoseconditions.

Preparationof HydrogenatedPolyisobutylenes

Theboron-trifluoride-catalyzedpolymerizationof isobutylenewith-
outsolventyieldsonlyabout15percentoftheproductintheviscosity
rangeof25to 730SayboltUniversalsecondsat37.80C (seefig.11).
Inpetroleum-ethersolutionthisfieldwasincreasedto 30percent,but
theboiling-pointcurvesuggestedthationicchaintransferbetweenthe
growingpolymerchainsandthesolventresultedinsomemodificationof
thepolymerbythesolvent(fig.12). Itnowhasbeenfoundthatthe
useof a solventwithpropertemperaturecontrolgivesover55percent
yieldof a polymerhaving&n averageviscosityofabout@ SayboltUni-
versalsecondsat37.80C; isooctsnewasusedasthesolventto insure
thatanychaintrsnsferoccurringwouldnotaffectthestructureofthe
polyisobutylenechain.Thereis littledoubtthatfurtherrefinements
intheprocedurewouldfurtherimprovetheyieldofproductinthe
lubricantrangeand,accordingly,thata practicalsynthesiscouldbe

.

. — —
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developed.A typicalsynthesisemployedinpreparingthehydrogenated-
polyisobutyleneoilsemployedinthepresentworkis describedbelow.

Isooctsne(1,4(K)cubiccentimeters)wasplacedin a 5-literErlenmeyer
flaskfittedwitha stirrer,twogasinlettubes,anda thermometer
inraersedintheliquid.Theflasktemperaturewasheldat 10°to 15°C
by coolinginan ice-saltbath,while1,890cubiccentimetersof iso-
butylene(Phinips,99w lepercentpure)sndcatalyticamountsofboron
trifluoridewerepassedintotheisooctanesolutionconcurrently.As
thereactionisstronglyexothermic,theti~ of addition(inthiscase,
about8 hours)is largelydependentuponthecapacityofthecooling
system.Theproduct(afterbeingwashedwithdilutesodiumhydroxide
andwat-er,thendried)hada volumeof3,080cubiccentimeters.

The isooctane(1,315 cubiccentimeters)wasrecoveredby distil-
lationandthelowerpolymers(di-,tri-,andsometetraisobutylene)
werethenremovedunderreducedpressure.Thisfractionwasdistilled
to a temperatureof 125°C at50-mill~terpressurewitha distilled
volumeof 465cubiccentimeters.Thehigherpolymerremaininghada

volumeof 1,045cubiccentimeters,a refractiveindex(%)
25 of 1.4503,

anda viscosityof approximately&.OSayboltUniversals-~con’tiat37.80C.

ThecrudeproductwashydrogenatedinanAmincopressurereactor
usinga Raneynickelcatalystanda pressureof 1,700poundspersquare
inch.Theresultingmaterialgavenegativetestsforunsaturation.
Distillationunderreducedpressureyieldeda seriesofproductssimilar
to those

The
ignition

1.

showninfigure11.

~Y”OF ~~s

followingresultswereobtainedfroman investigationofthe
of lubricantsof reducedflamabllitfi

E@ontaneousimitiontemeratueshavebeendete-ed fora
varietyof-syntheticl~bricants&d hydraulicfluidsbythespray-injection
procedure.Highlyhalogenatedhydrocarbons,theArochlors,andtricresyl
phosphateallhavevaluesintherangeof6C0°C. Thesilicates,sili-
cones,andphosphonatestestedignitedinthe250°-to-@O0C range,the
valuedependinglsrgelyuponthenatureofthealkylgroupspresent.The
hydrogenatedpolyisobutylenesremaintheonlymaterialswhichhavecon-
sistentlygivenignitiontemperaturesinthehOOOC rsnge,whicharenot
corrosiveathightemperatures,andwhichleavelittleappreciableresidue.
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2. Thevariationinspontaneousignitiontemperaturewithcomposi-
tionhasbeendeterminedforblendsofhydrogenatedpolyisobutylenewith
twodibasicacidesters,a plyg~ol ether,a conventionalmotoroil,
anda silicateester.Whilethedetailednatureofthecurvesvaries
withthesecondcomponetiandwiththeratiooffuelto air,themost
nearlyconsistenteffecthasbeenan increaseof 60°to 80°C overthe
spontaneousignitiontemperatureofthemajorcomponentat a hydrogenated
polyisobutylenecontentof about@ percent.

3. Thethermalstabilityofhydrogenatedpolyisobutylenesinthe
presenceandabsenceofo~geh at 195°C hasbeendetermined.With
1 percentphenyl-beta-naphthylamineas a stabilizer,a typicalhydro-
genatedpolyisobutylenelostlessthan2 percentbyweightin 12hours
at 195°C.

4. Additionalinformationhssbeenobtainedon thenatureofthe
nonignitionzoneandon itssignificanceasobservedinthedetermina-
tionof spontaneousignitiontemperature.

5. A practicalmethodhasbeendevelopedforthepreparationof
polyisobutyleneslargelyinthelubricantmolecular-weightrange.This
methodinvolvesthepolymerizationof isobutyleneusingboron-trifluoride
catalystinisooctanesolutionat 10°to 15°C.

UniversityofCincinnati,
Cincinnati,Ohio,February4, :953.

.—— — -——-—----—————
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Figure1.-Spontaneousignitioncharacteristicsofvariousmixturesof
SAE-10oilanda hydrogenatedpolyisobutylenehavinga viscosityof
36 SayboltUniversalseconds.Spray-injectionprocedure;stainless-
steelcupassembly.
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Spontaneousignitionc~acteristicsofvariousmixturesof
di(2-ethylhexyl) adipate anda hydrogenatedpolyisobutylenehavinga
viscosityof36 SayboltUniversalseconds.Spray-injectionprocedure;
stainless-steelcupassembly.
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Figure3.- Spontaneousignitioncharacteristicsofvariousmixturesof
di(2-ethylhexyl)adipateanda hydrogenatedpolyisobutylenehavinga
viscosityof32 SayboltUniversalseconds.Dropwise-additionprocedure;
stainless-steelcupassembly.
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Figurek.-Spontaneousignitioncharacteristicsofvariousmixturesof
diisooctyl adipateanda hydrogenatedpolyisobutylenehavinga viscosity
of32SayboltUtiversalseconds.Spray-injectionprocedure;stainless-
steelcupassembly.
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Spontaneousignitioncharacteristicsofvariousmixturesof
Ucon-50-HB-55anda h-~rogenatedpolyisobutylenehavinga viscosityof
36 SayboltUniversalseconds.Spray-injectionprocedure;stainless-
steelcupassembly.
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Figure6.-Spontaneousignitioncharacteristicsofvariousmixturesof
tetra(2-ethylhexyl)silicateanda hydrogenatedpolyisobutylenehaving
a viscosityof 32 SajboltUniversalseconds.Spray-injectionprocedure;
stainless-steelcupassembly.
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Figure7.-Thermalstabilityoflqdrogena~polyiaobutyleneat l~” C.
Viscosityofsamplewas~ @bolt Universalsecondsat 100°F. G
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me 8.- Thermalstabilityat195°C tier oxygenatmcaphered
_W~tEd pol@otiwlae (55Eh@oltUniversalseconds).
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Figure 9.-Thennalstabi.lttyat195°C underoxygenatmxphereofhlendE
containing b percenthydrogenatedpolyisobutyleneby volume(57Saybdt
Universalseconds)with1 percent phenyl-beta-naphthylemineadded. n)
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Figure10.- Spontaneousignitioncharacteristicsofvsriousmixturesof
2,2,k-trimetbylpentane(isooctane)andgheptaneusingtwoaddition
procedures.Air-flowrate,12~cubiccentimetersperminute;stainless-
steelcupaasenibly.
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Figure lJ?,- Distillation at 2-mIJMnLeter ~essure of hydrogenated
polyisobutylena obtained frcrna polymerization in ~-percent
petroleum-ether solution with temperature control. Ikmon-
trifluoride catalyst; temperature, -10° C.
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